Robust stimulation of TrkB induces delayed increases in BDNF and Arc mRNA expressions in cultured rat cortical neurons via distinct mechanisms.
In cultures of rat cortical neurons, we found that stimulation of tyrosine receptor kinase B (TrkB) with brain-derived neurotrophic factor (BDNF) induced a biphasic expression of BDNF exon IV-IX mRNA, which became obvious 1-3 h (primary induction) and 24-72 h (delayed induction) after the stimulation, and characterized the delayed induction in relation to the mRNA expression of activity-regulated cytoskeleton-associated protein (Arc). Withdrawal of BDNF from the medium after stimulation for 3 h allowed the delayed induction, which was caused at the transcriptional level and dependent upon the initial contact between exogenously added BDNF and TrkB, the effect of which was time- and dose-dependent. The primary induction was controlled by the extracellular signal-regulated kinase/mitogen-activated protein kinase (ERK/MAPK) whereas the secondary induction by the calcium (Ca(2+)) signaling pathway. The enhanced Arc or Zif268 mRNA expression was controlled by activation of the ERK/MAPK pathway, both of which were repressed by blocking the binding of endogenously synthesized BDNF to TrkB. Thus, robust stimulation of TrkB autonomously induces delayed BDNF mRNA expression in an activity-dependent manner in rat cortical neurons, resulting in the stimulation of Arc mRNA expression through endogenously synthesized BDNF, the process being orchestrated by the Ca(2+) and ERK/MAPK signaling pathways.